Face processing without awareness might depend on subcortical structures (retino-collicular projection), cortical structures, or a combination of the two. The present study was designed to tease apart these possibilities. Because the retino-collicular projection is more sensitive to low spatial frequencies, we used masked (subliminal) face prime images that were spatially low-pass filtered, or high-pass filtered. The masked primes were presented in the periphery prior to clearly visible target faces. Participants had to discriminate between male and female target faces and we recorded prime-target congruence effectsthat is, the difference in discrimination speed between congruent pairs (with prime and target of the same sex) and incongruent pairs (with prime and target of different sexes). In two experiments, we consistently find that masked low-pass filtered face primes produce a congruence effect and that masked high-pass filtered face primes do not. Together our results support the assumption that the retino-collicular route which carries the low spatial frequencies also conveys sex specific features of face images contributing to subliminal face processing.
served by cortical structures (cf. McCarthy, Puce, Gore, & Allison, 1997; for a review see Kanwisher & Yovel, 2006) . Correspondingly, in an fMRI study with subliminal face primes, Kouider, Eger, Dolan, and Henson (2009) found activity changes in cortical structures (see also de Gardelle & Kouider, 2010; Dolan et al., 1996) . In addition to the challenge presented by these fMRI studies, the midbrain hypothesis is also challenged by the difficulty in interpreting studies of subliminal emotional face processing. This is because different emotional expressions differ in their low-level visual salience (cf. Horstmann, Becker, Bergmann, & Burghaus, 2010) . This fact is illustrated with an example in Figure 1 . In this context, it is important to note that salience facilitates processing (Itti, Koch, & Niebur, 1998 ) and operates at subliminal levels (cf. Zhaoping, 2008) . Therefore, faster processing of more salient stimuli than less salient stimuli in general could account for some effects that have been attributed to face-specific processing (cf. Santos, Mier, Kirsch, & Meyer-Lindenberg, 2011) . Under this perspective processing differences between sad and happy faces, for example, would reveal little about face processing in particular. Also, the previous studies with respect to the midbrain hypothesis were mainly either based on complex imaging techniques with patients or TMS studies using schematic emotional faces, each having their own shortcomings, such as an individual's particular adaptation to the pathological conditions in patients (cf. Bridge, Thomas, Jbabdi, & Cowey, 2008) or the elicitation of interfering phosphenes during TMS stimulation of V1 (cf. Kammer, 2007) .
Against this background, we tested the midbrain hypothesis using a psychophysical approach. As a task, we used the sex discrimination of faces. Male and female faces differ very little in their salience and thus, overcome one important limitation of past research (see Figure 1 ). In the present psychophysical approach we presented real face images as masked (subliminal) primes in the periphery prior to visible target face images and asked our participants to discriminate the sex of the target faces. In two experiments we varied the spatial frequency of the prime faces, using high-pass filtered (HSF) and low-pass filtered (LSF) face primes. We also manipulated spatial attention by cueing the location of either the target or prime (cf. Finkbeiner & Palermo, 2009) . If the midbrain hypothesis is correct, then the masked LSF face primes should produce priming regardless of where spatial attention is focused. In contrast, the masked HSF face primes should not produce priming at least when these are not attended to. Thus, the current study provides a relatively simple approach to test the midbrain hypothesis.
On each trial, we presented our participants with one male or female face as a clearly visible target. The participants had to press one button for a male, and another button for a female face. Prior to the target face, we presented a masked high-pass filtered or low-pass filtered face prime in the periphery (cf. Finkbeiner & Palermo, 2009) . Masking efficiently blocks the awareness of a visual stimulus (Breitmeyer & Ögmen, 2006) . Hence, we expected that the participants would be unable to report the masked face primes (tested in a 2AFC task). Following Finkbeiner and Palermo (2009) , we expected to find a masked congruence effect in the low-pass filtered condition, whereby target classification latencies were shorter following a congruent prime (prime and target are the same sex) and longer following an incongruent prime.
To test the midbrain hypothesis of unaware face processing we did the following three things. First, we presented the prime stimuli in the periphery in order to increase the contribution of the face image's low spatial frequencies relative to its high spatial Figure 1 . Saliency maps and Winner take all maps (Itti, Koch, & Niebur, 1998; Koch & Ullman, 1985; Walther & Koch, 2006) for emotional icon face stimuli used in Jolij and Lamme (2005; upper panel) , and for male and female face images (lower panel) used in Finkbeiner and Palermo (2009) . Here, saliency is computed as the normalized summed feature difference in color, orientation, and intensity at each point of the image. In the Figure, the resulting saliency value and, thus, the likelihood of processing increases from black to white. It can be seen that the angry/sad face of Jolij and Lamme (2005) is more salient in the emotion-discriminating area of the bent lips than the happy face image. Saliency thus provides a confounding influence on subliminal processing that might have nothing to do with face processing in particular. However, the male and female face images that were used by Finkbeiner and Palermo (2009) and in the current study have almost identical net salience. These face images do not differ with respect to saliency allowing safe conclusions about subliminal facespecific processing (in this case the processing of sex-related face differences). Please note that in the current study we have created face prime images through high-pass and low-pass filtering the same male and female face prime images that were used by Finkbeiner and Palermo (2009) . This document is copyrighted by the American Psychological Association or one of its allied publishers.
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frequencies. Our motivation hinges on the fact that in the visual periphery there is a substantial convergence of photoreceptors on their corresponding retinal ganglion cells. Importantly, the ganglion cells responsible for the periphery work as visual low-pass filters as they are only sensitive to relatively coarse spatial detail. Second, these ganglion cells feed into the magno-cellular pathway projecting indirectly to the midbrain's SC (cf. Schiller, Malpeli, & Schein, 1979) . Therefore, the midbrain projection is sensitive to the LSF band of the image. In this respect, the midbrain projection differs from the parvo-cellular projection. The parvocellular projection is more sensitive to the HSF band. Importantly, at subcortical levels, the parvo-cellular projection is largely segregated from the magno-cellular projection. The magno-cellular path indirectly projects to the midbrain, but the parvo-cellular projection bypasses the midbrain. The parvo-cellular pathway runs from the retina via the LGN (lateral geniculate nucleus) to the primary visual cortex (area V1) in the occipital lobe. Thus, a visual capacity relying on the midbrain projection should be achieved with LSF content from the visual periphery (Vuilleumier, Armony, Driver, & Dolan, 2003) but it could not be achieved with peripheral HSF content. Based on these characteristics we derived the following prediction. If unaware face processing can be driven by the midbrain projection, unaware face priming should be found with masked LSF but not with masked HSF face primes. For example, de Gardelle and Kouider (2010) recently reported subliminal face priming effects with HSF primes. However, they used a fame-judgment task and presented the subliminal faces at fixation. Thus, to test the possibility that subliminal face perception can be supported by subcortical projections, we chose to use a sex discrimination task. This is because sex discrimination processes rely primarily on LSF information (cf. Schyns & Oliva, 1999) .
Third, we investigated the intriguing possibility that the masked congruence effect for HSF face primes might depend on the appropriate allocation of spatial attention. In the study by Finkbeiner and Palermo (2009), they found that masked congruence priming depended on spatial attention in tasks in which the perceptual discrimination was driven by HSF content (e.g., their animal/tool task done with line drawings). In contrast, in their sex-discrimination task with broad spectrum faces, they found that attention did not modulate the masked congruence effects. If the reason that their masked congruence effects for face stimuli did not depend on attention was because those effects were driven by LSF content, then it is reasonable to think that HSF faces would produce priming but, like nonfaces, only when attended. We considered this possibility in the following experiments by manipulating the validity of a spatial cue for both LSF and HSF face stimuli.
Experiment 1
In Experiment 1, participants categorized visible target faces as either male or female. The target stimuli were preceded by HSF or LSF face primes. All primes were masked and presented in the periphery. The critical target stimuli were broad spectrum faces but we also included filtered HSF and LSF face targets on 10% of the trials. This was done so that we could assess participants' ability to categorize these stimuli under supraliminal conditions. All primes were presented slightly shifted into the visual periphery and the targets were shown at a fixed position below the prime. Also, a cue captured attention either to the location of the upcoming prime or target (see Figure 3) . If the midbrain hypothesis holds true, the LSF face primes, but not the HSF face primes, should produce a congruence effect in the target-cued (prime unattended) conditions. Furthermore, we considered the possibility that, in the prime-cued conditions, we would observe congruence effects with both LSF and HSF primes.
Method
Participants. Thirty students (23 female) with a mean age of 22.1 years participated. Here and in the following experiment, all participants had normal or corrected to normal vision. Also, informed consent was obtained from the participants, and the participants were treated in accordance with APA standards and the rules of the declaration of Helsinki. Participants received course credit for participation.
Apparatus. Visual stimuli were presented on a 15-inch, color flat screen display. Its refresh rate was 59.1 Hz and having NVIDIA GeForce GT 220 (with 1,024 MB) graphics adapter. The pictures that we presented were quite small in size. A typical stimulus (backward mask ϩ target) had dimensions of 75 w ϫ 216 h pixels and sized 17.0KB. However, to avoid any buffer overload problem, all the stimuli were loaded offline only once and pointers to them were used in the experiment trials. Matlab with Psychophysics toolbox Ϫ3 was used. Further, care was taken for correct stimulus presentation duration and the slack caused by the display (calculated from the flip interval of the display), and the inter stimulus interval (ISI) was kept zero. Accurate timing of the display was verified by measurement with an oscilloscope. This was achieved by repeatedly presenting the stimuli for their original duration one by one and recording their duration through a cathode ray oscilloscope. We found that in all cases of our stimuli the precision of presentation duration was better than one millisecond.
The participants sat at a distance of 57 cm from the screen in a quiet, dimly lit room, with their head resting in a chin rest to ensure a constant viewing distance and a straight-ahead gaze direction. Reaction times (RTs) were registered via the standard serial computer keyboard, placed directly in front of the participants. Target responses were registered through the keys "A" and "L" (covered and labeled as "left" and "right," respectively). The participants put their left and right index fingers on the correspondingly labeled keys. After reading the instructions the participants pressed the spacebar with one of their thumbs to start the experiment, and after each trial to continue. In this way, the participants could also take breaks at their convenience by simply not pressing the space bar.
Stimuli. We used the masks, cues, target face stimuli, and high-pass filtered and low-pass filtered versions of the face prime images of Finkbeiner and Palermo (2009) . The face targets and the face primes wore neutral emotional expressions and were originally taken from the Karolinska Directed Emotional Faces (KDEF) database (Lundqvist, Flykt, & Öhman, 1998) . All face stimuli were equated for luminance and contrast. To filter the prime faces, first, these were equated for foreground-background luminance and contrast. Next, we high-pass filtered and low-pass filtered the equated face primes to get the HSF and LSF face primes, respectively. During filtering it was insured that each HSF and LSF image contained exactly the corresponding subportion of frequencies of the original unfiltered image. The resultant filtered face This document is copyrighted by the American Psychological Association or one of its allied publishers.
images were then recropped behind the oval layer. (All image processing was performed in MATLAB, and high-pass and lowpass filtering functions were implemented from Gonzalez, Woods, & Eddins [2004] .) The resultant HSF and LSF prime faces can be seen in Figure 2 's panel (b). We also included 10% filler trials (analyzed separately) in which the HSF and the LSF primes were used as targets. These filler trials were randomly intermixed with the unfiltered face target trials to ensure that participants did not only search for the LSF content of the unfiltered face targets but also for the HSF content (cf. Ansorge, Horstmann, & Worschech, 2010) .
All of the face stimuli were cropped in an oval layer so that only the face features were presented. Each image subtended a visual angle of 3.0°vertically and 2.5°horizontally. The forward mask was a checkerboard pattern. The backward mask was a scrambled composite of the two unfiltered face primes.
Procedure. See Figure 3 for examples of a sequence of events in a trial. Stimuli were presented on a black screen (luminance Ͻ0.1 cd/m 2 ). In each trial, two streams of stimuli were presented, one stream directly above the other, with the target at a fixed position and the prime above it.
Each trial began with a checkerboard mask for 500 ms. Next, an unpredictable cue was shown at either prime or target location, together with the checkerboard mask at the noncued location, for 50 ms. The cue was used to capture attention toward the prime (in the prime-cued condition) or to the target (in the target-cued condition). After this, the checkerboard mask was shown again at both positions for 50 ms, followed by the prime face at the upper position together with the checkerboard mask at the target's position for 50 ms. The two face primes, one male and one female, were taken from different individuals than the face targets to avoid repetition priming (Forster & Davis, 1984; Norris & Kinoshita, 2008) . In the final frame, the target face was presented in the lower location for 300 ms and a scrambled-face backward mask was presented in the upper (prime) location.
Across trials, prime and target sex varied orthogonally to create congruent and incongruent conditions. In the congruent conditions, the prime face sex was the same as the target face sex. Either a male face prime was presented prior to a male face target, or a female face prime was presented prior to a female face target. In the incongruent conditions, the prime face's sex was different from the target face's sex. Either a male face prime was presented prior to a female face target, or a female face prime was shown prior to a male face target. This document is copyrighted by the American Psychological Association or one of its allied publishers.
In the target discrimination task, participants had to discriminate the sex of the target faces by pressing one of the assigned buttons (counter balanced across participants). The target discrimination task consisted of two blocks, one with HSF primes and the other one with LSF primes. The sequence of the two targetdiscrimination blocks was also counter balanced across the participants. Each of the two target discrimination blocks consisted of 20 repetitions of each combination of cueing (prime-cued, targetcued), target type (male, female), and prime-target congruence level (congruent, incongruent), for a total of 160 trials. Additional filler trials with HSF and LSF face targets (16 per condition) were interleaved in each block. At the end of the experiment, participants performed one block of trials in which they had to categorize the masked primes. For this prime-discrimination task, participants first categorized the visible target (just as they had in the experiment proper) and then they categorized the masked prime. The same sex-to-response-button mapping was used for the prime faces as for the target faces. The prime-discrimination task consisted of another 200 trials, 100 trials with LSF face primes, and the other 100 trials with HSF face primes.
Within each block, the different conditions were realized in pseudorandom sequence, with the two constraints that no particular face target was repeated in immediately succeeding trials and that no more than four trials in a row required the same target response. The experiment started with the target discrimination block, followed by the masked prime-discrimination block. A block of 80 trials with unmasked face primes of 50 ms duration was included at the very end of the experiment in which only the primes were presented at their location (upper panel). This final block was included to verify that the HSF or the LSF prime content alone had been sufficient to allow successful sex discrimination under aware conditions. In this final block, all of the masks (checkerboards and composites of scrambled faces) and the targets were left out (i.e., all these stimuli were replaced by blank screens) and the participants were asked to discriminate between the sexes of the unmasked prime faces. The experiment was run in a single session, with five short breaks, one in the middle of each block plus one after each of the first two blocks. The whole experiment took approximately one hour.
Results
Target-discrimination task. For our first analysis, only correct target responses were considered. (The filler trials, and the erroneous trials were analyzed separately, see below.) The mean RTs are depicted in Figure 4 and also detailed in Table 1 . As can be seen in Figure 4 , we found a congruence effect with the LSF primes (circular symbols) in both target-cued (filled symbols) and prime-cued (unfilled symbols) conditions, but not with the HSF primes (triangular symbols).
This was confirmed by formal analysis. Mean RTs for each participant and condition were calculated, and trials that were faster or slower than 2.5 standard deviations of the mean were discarded (3.5%). An omnibus repeated-measures ANOVA was run with the within-participant variables prime type (LSF prime vs. HSF prime), cue type (target-cued vs. prime-cued), and primetarget congruence (congruent vs. incongruent). Bonferroni adjustments for multiple comparisons and the alpha level of .05 for all statistics were applied here and throughout the study.
We found a significant two-way interaction of the variables prime type and congruence, F(1, 29) ϭ 10.23, p Ͻ .01, partial 2 ϭ 0.26. This showed overall net congruence effects of 4 ms and 6 ms in the target-cued and prime-cued conditions respectively with the LSF primes which dropped respectively to 0 ms and Ϫ5 ms with the HSF primes (see Table 1 ). This interaction was also further investigated by follow-up analyses (see below).
We also found a significant main effect of cue type, F(1, 29) ϭ 41.18, p Ͻ .001, partial 2 ϭ 0.59. RTs were shorter in the target-cued condition (M ϭ 494 ms) than in the prime-cued condition (M ϭ 504 ms). No other significant effect or interaction was found, all Fs Ͻ 1.00. To note, there was also no three-way interaction of prime type, cue type, and congruence, as would be expected on the basis of congruence effects (a) in prime-and target-cued LSF conditions as well as (b) prime-cued HSF conditions (c) but not target-cued HSF conditions.
A follow-up ANOVA of the HSF condition with the withinparticipant variables cue type and congruence revealed only a significant main effect of the variable cue type, F(1, 29) ϭ 21.88, p Ͻ .001, partial 2 ϭ 0.43. The participants performed faster in the target-cued (M ϭ 497 ms) than in the prime-cued (M ϭ 506 ms) condition. However, a similar follow-up ANOVA of the LSF condition showed a significant main effect of congruence, F(1, 29) ϭ 6.92, p Ͻ .02, partial 2 ϭ 0.19, in addition to the Table 1 . A star ( ‫ء‬ ) shows the significant effects of congruence (when it appears in the middle of a line) or cue type (when two stars appear each between the starting and the ending points of lines). This document is copyrighted by the American Psychological Association or one of its allied publishers.
significant main effect of cue type, F(1, 29) ϭ 22.03, p Ͻ .001, partial 2 ϭ 0.43. With the LSF primes, participants performed faster in the congruent condition (M ϭ 494 ms) as compared with the incongruent condition (M ϭ 499 ms). The performance was also faster in the target-cued condition (M ϭ 492 ms) than in the prime-cued condition (M ϭ 501 ms). To note, there was no two-way interaction of cue-type and congruence in this follow-up as well as in the omnibus ANOVA, both Fs Ͻ 1.00. This showed that the congruence effect by the LSF primes was independent of shifting attention to the primes. Attention-independence of the subliminal priming effect was predicted on the basis of classical theory of subliminal processing (cf. Posner & Snyder, 1975) . Attention-independence of the LSF-based priming effect is also in agreement with the refined position by Finkbeiner and Palermo (2009) according to which the subliminal LSF priming effect is considered to be attention-independent.
Error rates. The same omnibus ANOVA was conducted separately with both percent and arcsine transformed error rates. No significant effect or interaction was found in any of the two ANOVAs, all Fs Ͻ 1.00, and all ps Ͼ .05. Mean error rates can be seen in Figure 4 and Table 1 .
Filler trials. Participants successfully discriminated the sex of the prime faces used as targets in the filler trials of both, the HSF condition (M ϭ 85.0%, SE ϭ 2.2), t(29) ϭ 16.10, p Ͻ .001, and the LSF condition (M ϭ 78.5%, SE ϭ 2.1), t(29) ϭ 13.38, p Ͻ .001.
Distribution analysis. We were concerned that a residual mean congruence effect of the masked HSF primes could be found in only the fastest responses. As can be seen from Figure 5 , this was not the case.
Formally, this assumption was corroborated in the following way. Correct RTs of each condition were sorted in an ascending order from fast to slow responses, and the resulting reaction time (RT) distribution was then split into four quartiles (bins). Taking the mean RT from each of these quartiles, we repeated the omnibus ANOVA as described above but with the additional variable quartile (or bin) of the RT distribution (1, 2, 3, 4). Besides the above mentioned significant effects and interactions of our variables, we did not find any other significant effect or interaction, all Fs Ͻ 1.00.
Prime visibility. Prime visibility was assessed in the primediscrimination task using d= from signal detection theory (SDT). d= scores were obtained from direct calculation of hit rates and false alarm (FA) rates (cf. Green & Swets, 1966 ). In the current study, "male" primes were taken as "signals" and "female" primes as "noise." Here, d= is the z-transformed FA rate subtracted from the z-transformed hit rate. This index becomes zero in the case of chance performance and it can infinitely increase with ever increasing discrimination performance. One-sample t tests with zero indicated that the participants were not aware of the sex of the masked primes (see Table 1 ). Results showed that mean d=s were This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 
Discussion
The results of Experiment 1 showed that only the masked LSF primes produced a congruence effect. Importantly, all prime faces were equated for foreground-background luminance before filtering. Yet, we were not able to demonstrate the congruence effect of the masked HSF primes even in the prime-cued condition. The masked HSF primes led to no congruence effect at all. These results are consistent with the midbrain hypothesis. The results clearly indicated that the effective processing of the peripheral masked face primes depended on the type of spatial frequencies contained within them. When the face primes were low-pass filtered and thus, contained only low spatial frequency bands, the faces were processed sufficiently to modulate the classification responses to the subsequent face targets. Further, in line with an assumed origin of the effects in peripheral vision, the congruence effect by the low-pass filtered face primes was independent of shifting visual attention to the prime's location or to the target's location. Similar results were also observed by Finkbeiner and Palermo (2009) for unfiltered (LSF ϩ HSF) primes. Also, as can be seen in the participants' prime discrimination performance, our participants remained unaware of the masked primes' sex. Taken together the unawareness of the face primes and the dependency of their priming effect on low spatial frequency content neatly dovetail with prior assumptions that unaware face processing could be brought about by the retino-collicular projection (cf. Finkbeiner & Palermo, 2009 ). The results are thus also in line with the more general claim for a rapid subcortical route devoted to the processing of highly relevant perceptual input (LeDoux, 1996 (LeDoux, , 1998 Merigan & Maunsell, 1993; Morris et al., 1999; Öhman, 2002; Palermo & Rhodes, 2007) .
Moreover, the high discrimination rates of the HSF targets in the filler trials and that of the unmasked HSF primes in the control task at the end of the experiment showed that the participants comfortably discriminated the visible HSF prime sexes even more than they discriminated LSF prime sex (see de Gardelle & Kouider, 2010) . This result confirms that foveal presentation of the HSF primes without masking allows for their processing, but that presentation in the periphery and masking jointly prevented HSF priming.
Experiment 2
One problem in Experiment 1's HSF primes was a difference in the luminance and contrast and spectral power between HSF and LSF primes (see Figure 6 ). The pixels distribution in various gray levels indicates the contrast of an image. When the pixels are distributed over a wide range of gray levels, the image has more contrast. As can be seen in Figure 6 , the pixels in the HSF primes of Experiments 1 are distributed over a narrow range of gray levels. In contrast, the pixels in the LSF primes of Experiment 1 are distributed over a wider range of gray levels. This led to a lower contrast of the HSF primes of Experiments 1 as compared with the LSF primes.
To overcome this problem, the extreme (dark and light) luminance values of the luminance distributions of Experiment 1's HSF primes were boosted proportional to attenuating their respective darker and lighter gray luminance value counterparts in the central area of the distribution of the luminance values. As a consequence, Experiment 2's HSF and LSF primes have almost identical contrasts and spectral powers (see Table 2 The resulting frequency distributions can be found in Figure 7 . It can be seen that the HSF primes in Experiment 1 (broken line) had a lower overall spectral power when compared with the LSF primes (dotted line). However, the spectral power of HSF primes in Experiment 2 (broken and dotted line) is boosted and their mean amplitude is almost equal to that of the LSF primes (see Table 2 ).
A second shortcoming or uncertainty of Experiment 1 concerned our participants' eye-fixations. In Experiment 1, we did not record eye-movements. However, according to the rationale of the present study, it is mandatory that the participants fixate on the targets so that the primes are seen with parafoveal vision. Therefore, we took the opportunity to record the eye movements in one group of participants of Experiment 2 to verify that the participants indeed fixated the targets in a majority of the trials, and to test whether we can replicate the findings if we restrict the analyses to the trials in which the targets were fixated.
The predictions for this experiment were the same as before. With the masked LSF primes, we again expected a congruence effect regardless of whether the cue directed attention toward the primes or toward the targets. With the masked HSF primes, we expected no overall congruence effect but potentially one after directing attention to these primes (in the prime-cued masked HSF condition).
Method
Participants. Seventy students in total, 30 in Group 1 (23 female) with a mean age of 22.8 years, and 40 in Group 2 (33 female) with a mean age of 24.6 years participated.
Apparatus, stimuli, and procedure in Group 2 (N ϭ 40) were similar to Experiment 1 except that the contrast-and powerenhanced HSF primes, as shown in Figure 2 's panel (b) were used. (The LSF primes were the same as in Experiment 1. Again different prime types were presented in different blocks and to the same participants.) For Group 1 (N ϭ 30), eye-movements were recorded. Here, the stimuli were presented on a 15-inch, color CRT monitor on a standard computer with a standard keyboard. The monitor's refresh rate was 59.1 Hz. The stimuli presentation timings of the This document is copyrighted by the American Psychological Association or one of its allied publishers.
monitor were tested through the oscilloscope as in Experiment 1, and the precision was again better than 1 ms. The participants sat at a distance of 57 cm from the screen in a quiet, dimly lit room, with their head resting in a chin rest to ensure a constant viewing distance and a straight-ahead gaze direction. Eye movements were recorded via the SR Research Ltd. Eye-Link 1000 eye tracker. Gaze position was sampled at a rate of 1,000 Hz. Monocular tracking was used and the best calibrated eye was recorded. Otherwise the conditions and procedure were as for Group 2.
Results
Target-discrimination task. Mean correct RTs are depicted in Figure 8 (for additional details see also Table 3 ). It is clear from Figure 8 that the LSF primes (circular symbols) elicited a congruence effect, but the HSF primes (triangular symbols) failed to do so.
These results were supported by our ANOVA. Of all correct responses, 3.8% were excluded based on the same outlier criterion as was used in Experiments 1. Further, in Group 1 only the trials Table 2 Measures of the Contrast and Spectral Power for Primes Used in Finkbeiner and Palermo (2009) Note. It can be seen that the HSF primes in Experiment 1 have a lower contrast and spectral power when compared to the corresponding unfiltered and LSF primes. By contrast, the HSF primes in Experiment 2 and the LSF primes in Experiments 1 and 2 have almost identical mean contrast and mean spectral power. Figure 6 . Pixel counts on the y axis as a function of their gray levels on the x axis. The gray level of the pixels is a measure of their luminance and can attain any value from zero (black) to 255 (white). The pixels distribution across the gray levels varies directly with an image contrast. The more broadly distributed the pixels are across the gray levels, the more contrast the image has and vice versa. When compared with HSF primes in Experiment 1 (panels in the 1st row), the gray levels of the majority of the pixels in the HSF primes in Experiment 2 (panels in the 2nd row) are broadly distributed and more similar to LSF primes in Experiments 1 and 2 (panels in the 3rd row). Please also note that the lower and upper limits of HSF primes in Experiment 2 and LSF primes in Experiments 1 and 2 are equal. Thus, the two classes of primes in Experiment 2 have almost identical contrast as can also be verified in Table 2 .
This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
in which the target was fixated (71.7%) were included. The remaining trials in Group 1, in which the prime was fixated (3.2%), a gaze-position error exceeding 0.5°after calibration was recorded, or with eyeblinks (25.1%) were excluded. The percentage of trials thus included in each condition can be seen in Table 3 . The omnibus repeated-measures ANOVA of the correct mean RTs with the within-participant variables prime type (HSF vs. LSF prime), cue type (target-cued vs. prime-cued), prime-target congruence (congruent vs. incongruent), and a between-participants variable Group (1: only target fixated vs. 2: control) led to a significant two-way interaction of the variables prime type and congruence, F(1, 69) ϭ 14.49, p Ͻ .001, partial 2 ϭ 0.18. (For the sizes of different congruence effects see Table 3 .) This interaction was also further investigated by follow-up analyses (see below).
Also, we found an overall effect of congruence, F(1, 69) ϭ 5.89, p Ͻ .02, partial 2 ϭ 0.08. Performance was faster in the congruent condition (M ϭ 496 ms) than in the incongruent condition (M ϭ 499 ms). Further, we again found a significant main effect of cue type, F(1, 69) ϭ 40.39, p Ͻ .001, partial 2 ϭ 0.37. RTs were shorter in the target-cued condition (M ϭ 494 ms) than in the prime-cued condition (M ϭ 501 ms). No other significant effect or interaction was found, all Fs Ͻ 1.00.
A follow-up ANOVA of the HSF condition with the withinparticipant variables cue type, and congruence, and the betweenparticipants variable Group revealed again only a significant main effect of the variable cue type, F(1, 69) ϭ 18.58, p Ͻ .001, partial 2 ϭ 0.22. The participants performed faster in the target-cued (M ϭ 496 ms) than in the prime-cued (M ϭ 503 ms) condition. However, a similar follow-up ANOVA of the LSF condition showed a significant main effect of congruence, F(1, 69) ϭ 25.01, p Ͻ .001, partial 2 ϭ 0.27, reflecting that the participants performed faster in the congruent condition (M ϭ 493 ms) as compared with the incongruent condition (M ϭ 498 ms). Further, again, with the LSF condition, we found a significant main effect of cue type, F(1, 69) ϭ 19.73, p Ͻ .001, partial 2 ϭ 0.23, owing to faster performance in the target-cued condition (M ϭ 493 ms) than in the prime-cued condition (M ϭ 499 ms). No other significant main effect or interaction was found, all Fs Ͻ 1.00.
Error rates. The same omnibus ANOVA was conducted with both, percent error rates and arcsine transformed error rates. No significant effect or interaction was found, all Fs Ͻ 1.00. Mean percent error rates can be found in Figure 8 and Table 3 .
Filler trials. Participants successfully discriminated the sex of prime faces used as targets in the filler trials of both, the HSF condition (M ϭ 80.2%, SE ϭ 1.7), t(69) ϭ 17.50, p Ͻ .001, and the LSF condition (M ϭ 76.3%, SE ϭ 1.5), t(69) ϭ 17.39, p Ͻ .001.
Distribution analysis. As can be seen from Figure 9 , the same conclusions were reached when we investigated the congruence Figure 7 . Log-log plots of radially averaged Fourier spectral amplitude on the y axis as a function of spatial frequency (in cycles per image) on the x axis (c.f. Graham & Redies, 2010; Olshausen & Field, 1996) for unfiltered face primes (solid line) used in Finkbeiner and Palermo (2009) , HSF primes used in the current study's Experiment 1 (broken line), HSF primes in Experiment 2 (dotted and broken line), and LSF primes in Experiments 1 and 2 (dotted line). Each line represents an average of the plots for male and female face images. The HSF primes have zero power in the initial frequencies and high power in the higher frequencies, and the LSF primes show high power in the low frequencies and no power in the high frequencies. The mean spectral power of HSF primes in Experiment 2 was identical to the mean spectral power of the LSF primes in Experiments 1 and 2, as can also be verified in Table 2 . conditions; target-cued ϭ solid lines and filled symbols; prime-cued ϭ dashed lines and unfilled symbols). Congruence effects can be seen in the low-pass filtered target-cued and prime-cued conditions of both Groups 1 and 2, but not in the high-pass filtered conditions. Additional details of the mean RTs, error rates, and prime visibilities are summarized in Table 3 . A star ( ‫ء‬ ) shows the significant effects of congruence (when it appears in the middle of a line) or cue type (when two stars appear each between the starting and the ending points of lines). This document is copyrighted by the American Psychological Association or one of its allied publishers.
effect as a function of the response speed. Like in Experiment 1, RTs were split into four quartiles (bins) and the same omnibus ANOVA was run with quartiles of the RT distribution (1, 2, 3, 4) as an additional within-participant variable. Apart from the above mentioned effects and interactions of our variables, we again did not find any other significant effect or interaction, all Fs Ͻ 1.00. Prime visibility. The participants were not aware of the sex of the masked primes in the HSF and LSF target-cued and primecued conditions. This can be seen in Table 3 . d=s were calculated as in Experiment 1. T tests against zero confirmed that d=s were not significantly different from zero in any of the target-cued and prime-cued LSF priming and HSF priming conditions of both Groups 1 and 2, all ps Ͼ .05. We additionally performed chisquare tests for the target-cued and prime-cued LSF priming and HSF priming conditions of both Groups 1 and 2. However, all of the results were nonsignificant, ps Ͼ .99, too.
Unmasked prime discrimination. The participants were able to successfully discriminate the sex of the prime faces in both unmasked HSF (M ϭ 89.2%, SE ϭ 1.4), t(69) ϭ 28.98, p Ͻ .001, and unmasked LSF (M ϭ 75.3%, SE ϭ 2.0), t(69) ϭ 12.92, p Ͻ .001, conditions. Moreover, the discrimination of the HSF primes was again significantly better than that of the LSF primes, t(69) ϭ 8.00, p Ͻ .001.
Discussion
The results of Experiment 2 confirmed that only the masked peripheral LSF primes produced a congruence effect, and that this congruence effect was independent of whether the attention was shifted to the prime or target location. Peripheral masked HSF primes-though carefully equated for spectral power and contrast with the LSF primes-still failed to elicit any congruence effect. Also, if the masked HSF primes could be processed at all in the present paradigm, we were expecting a significant effect of the HSF primes when the attention was shifted to the prime location. However, no corresponding interaction was found. Our conclusions are also supported by the recorded fixation directions of the eyes: Masked primes were only rarely fixated and the assumed critical conditions for a failure of the HSF prime faces to produce a congruence effect were therefore met in all masked conditions. Moreover, again participants were unaware of the sex of the masked HSF and LSF primes.
To note, in Experiment 2, the masked HSF primes led to no congruence effect at all although their spectral power and contrast were similar to the LSF primes. Together the results confirmed that the unaware face-sex processing requires low spatial frequency face content, at least when the subliminal face is presented slightly to the periphery. Further, as in Experiment 1, the high discrimination rates of the HSF targets in the filler trials and that of the unmasked HSF primes in the control task at the end of the experiment confirmed that the participants comfortably discriminated the HSF prime face's sex even better than they discriminated the LSF prime face's sex (see de Gardelle and Kouider, 2010) .
General Discussion
Unconscious vision (or even unaware processing in general) has long been regarded as governed by a single, unitary principle. For instance, Posner and Snyder's (1975) theory of automatic processing that regarded unconscious vision as being also attention-independent processing, or Weiskrantz, War- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
rington, Sanders, and Marshall's (1974) midbrain hypothesis that ascribed unconscious visual processing to the pathways from the SC to the cortex and conscious visual processing to cortical processing. Presently, these views are sometimes even jointly defended (for an example, see Mulckhuyse & Theeuewes, 2010) . Recent research, however, has cast doubts on the classic views of unconscious vision, as we might call them. Authors have convincingly argued for an attention-dependence of even unconscious visual processing (Kiefer & Brendel, 2006; Naccache, Blandin, & Dehaene, 2002; Tapia, Breitmeyer, & Shooner, 2010) and for a cortical origin of unconscious visual processing (cf. Milner & Goodale, 1995;  for an example from the area of face processing research, see Kouider et al., 2009) . However, in overemphasizing the generality of these findings, too, researchers might have thrown out the baby with the bathwater in denying the classical view altogether (Finkbeiner & Palermo, 2009 ). This was evident in the present research which successfully rehabilitated the classic view in one particular instance.
On the basis of the known selective sensitivity of the visual midbrain pathway to spatial low spatial frequency spectra of visual images and based on its assumed attention-independence, we have argued that some capacities, such as the human ability to discriminate the sex of a face without awareness, might well depend on processing along the SC in an attention-independent manner (cf. Deruelle & Fagot, 2005; Finkbeiner & Palermo, 2009; Goffaux, Jemel, Jacques, Rossion, & Schyns, 2003; Johnson, 2005) . In line with this classic view of automatic processing, we successfully demonstrated in the present research that (a) unaware face-sex processing was possible with LSF but not with HSF face images as primes, and (b) that unaware processing of a face's sex was independent of directing focal attention toward the visual stimuli. These results are jointly in line with the classic view of automatic processing and the midbrain hypothesis of unaware vision, and they additionally suggest that processing of the face primes in the aware mode relies on the parvo-cellular pathway with its known sensitivity to high spatial frequency visual content (cf. Merigan & Maunsell, 1993) .
Concerning the small RT effect, (a) the stimuli presentation timing was correct as verified through the oscilloscope. (b) The mechanical feats associated with using a standard keyboard were also probably not the major reason for the size of the effect. It is true that a standard keyboard can compromise RT measurement. A typical problem would be a relatively large variance and a low temporal reliability of the measurement. Here, we minimized this factor by using a fast keyboard querying function ("KbCheck" of the Psychtoolbox). This function is keypress-oriented. On the current hardware, it only takes 1 ms to query all keys of the keyboard in parallel. Further the standard keyboard had a sampling rate of 10 kHz, this adds a little bit to the variance, but should not introduce a systematic bias and given the large number of responses the expected difference of means is completely negligible. Therefore, the variance of the measurement is low but of course even this low variance would have distorted the small RT effects to some extent.
(c) The small size congruence effect is not unusual for masked face priming studies. For instance, the study by de Gardelle and Kouider (2010) was based on fame judgments about faces. For LSF primed famous faces, these authors found congruence effects of 6 ms, 8 ms, and 11 ms (for prime durations of 43 ms, 86 ms, and 300 ms, respectively). For unknown faces, significant congruence effects were 7 ms and 8 ms (for prime durations of 129 ms and 300 ms, respectively; cf. de Gardelle & Kouider, 2010) . Similarly, in Experiment 3 of Finkbeiner and Palermo (2009) the congruence effects were 10 ms, 9 ms, and 8 ms (for the 20 ms, 60 ms, and 100 ms SOAs, respectively). (d) These congruence effects are comparatively smaller; however, neuroscientific theories make few quantitative predictions about the smaller transmission times and timing differences between brain regions. For example, dynamics in theta and gamma frequency ranges can produce significant and systematic effects in the submillisecond range (Biederlack et al., 2006; Fries, Nikolić, & Singer, 2007; König, Engel, Roelfsema, & Singer, 1995) . Specifically the study of Biederlack et al. is important in this context, because it relates precise timing (of spikes) with perceptual effects. Furthermore, synaptic transmission times are 1 ms and the brain is working on a millisecond time scale. For instance, König, Engel, Roelfsema, and Singer (1995) have shown that the timing is precise down to fractions of milliseconds. Nikolić (2009) built on to these results and claimed that the relevant neuronal code makes use of that precision. Nikolić demonstrated that the sequence of firing on a submillisecond time scale allows efficient coding of stimulus properties. Moreover, Fries, Nikolić, and Singer (2007) have shown that timing relative to the cycle of circles ϭ unfiltered; triangles ϭ high-pass filtered). Congruence effects were almost equal in all quartiles of the RT distribution in the LSF priming conditions of both Groups 1 and 2. Please note that the slight tendency towards a negative congruence effect in the HSF conditions of Group 1 (left panel's triangular symbols) was more prominent in the slowest responses (i.e., the 4th bin) but that this was not leading to a significant interaction of quartiles, congruence, and prime type. This document is copyrighted by the American Psychological Association or one of its allied publishers.
gamma oscillations (which amounts to only a few milliseconds) is relevant for integrating top-down and bottom-up signals. Although there is currently no general theory to translate this to RTs, it is plausible that physiological network effects correspond to small perceptual timing effects and translate into small changes in RTs, too.
Based on the rationale of the classic view regarding face processing that we outlined above we would have predicted that in prime-cued conditions even the masked HSF primes should have created a congruence effect. This, however, was not found. We believe that some relatively marginal detail of our procedure could have led to the lack of a significant interaction. For example, it could be that the duration of the face primes and/or the cue-prime interval was just too brief to allow for a beneficial effect of attention on HSF-based congruence. It could also be that the primes were only rarely fixated. This was confirmed by Experiment 2. Maybe it is not attention but fixations that mediate whether cueing influences HSF priming. This would be in line with the fact that masked HSF primes influence target processing where they are fixated (cf. de Gardelle & Kouider, 2010) . Whatever the exact reason, the lack of subliminal priming for HSF faces could not be due to insufficient sex information because these faces were classified into male and female categories just as reliably as LSF faces-but only when they were presented consciously.
We also want to emphasize that not all unaware face processing might be carried out along the midbrain pathway (cf. Kouider et al., 2009 ). For example, whereas a discrimination between the faces' sexes seems to draw on low spatial frequency content (cf. Schyns & Oliva, 1999) , a fame judgment, as it was used in the study of de Gardelle and Kouider (2010) , might equally rely on the high spatial frequency band. It is also possible that sensorimotor tasks as in the present study depend stronger on low spatial frequency content than perceptual tasks (as have been used by de Gardelle & Kouider, 2010) . However, there is also accumulating evidence that at least unaware discrimination of facial emotional expression could also be carried out along the SC projection (cf. Hess, Reginald, Grammer, & Kleck, 2009; Laeng et al., 2010) . Therefore, the degree to which the SC is involved during subliminal face processing might vary with the task. Jointly, the results might well be explained by the diagnostic-recognition framework (Schyns, 1998) . It states that the particular task demands constrain which frequency bands are used to accomplish the task. The diagnostic-recognition framework is plausible because very similar top-down constraints also determine the fate of subliminal processing in many other conditions (cf. Ansorge & Neumann, 2005) .
Above we reviewed prior research with subliminal emotional faces allowing alternative interpretations of subliminal processing in terms of salience differences between different emotional faces. This begs the question whether the sex discrimination task that was used in the present study truly overcame this problem. A major problem of past research with different emotional faces is their unequal salience. However, with respect to the sex of the faces, no systematic confounding saliency difference is observed. Thus, any congruence effect based on faces' sexes cannot be due to saliency differences between the subliminal faces. However, HSF primes and LSF primes also differ with regard to their saliency. Could it thus be that this saliency difference rather than the filtering of particular frequencies of the faces was responsible for the absence of priming with HSF primes and its presence with LSF primes? We doubt that this could be a viable alternative explanation because if anything the HSF primes were more salient than the LSF primes and subliminal saliency effects are proportional to the saliency of the subliminal stimulus (e.g., Zhaoping, 2008) . However, future studies could be devoted to directly test whether subliminal saliency could have an influence on top of frequency differences-that is whether saliency could boost the influence of the relevant frequencies of the masked faces.
On a more general note, the present findings are in line with the view that subcortical pathways in perceptual processing reflect phylogenetically relatively ancient adaptations to repeated evolutionary challenges. Researchers have repeatedly claimed that quick perceptual processing in an awareness-independent mode and along midbrain pathways could be typical of solving evolutionary pressing perceptual problems that granted survival, such as the efficient detection of emotional expressions in others (i.e., their faces), threat detection in reoccurring dangerous stimuli like snakes and spiders, and quick detection of the sex of the alter ego (LeDoux, 1996 (LeDoux, , 1998 Morris et al., 1999; Merigan & Maunsell, 1993; Öhman, 2002; Palermo & Rhodes, 2007) . The results of the current study are in full agreement with this notion in that they showed that sex discrimination could indeed be brought about by a quick awareness-independent processing mode in a phylogenetically ancient pathway of the human brain. However, the magnocellular pathway extends well into cortical areas. Therefore, it is possible that (part of the) subliminal LSF-based priming effects owe to cortical processes. Feedforward processing along cortical magno-cellular pathways has been claimed, for example, during object recognition (cf. Bar, 2003) . The regions involved, such as dorsal prefrontal cortex, are different from the classical cortical face processing areas (e.g., Kanwisher & Yovel, 2009 ) but future research should also test the possibility that subliminal LSF face processing could (partly) depend on cortical pathways.
